Intracellular signaling by a mutant human insulin receptor lacking the carboxyl-terminal tyrosine autophosphorylation sites.
We have recently characterized a mutant insulin receptor (Y/F2) in which the two tyrosines in the carboxyl terminus (Tyr1316, Tyr1322) were mutated to phenylalanine. Compared with wild type receptors, the Y/F2 receptor exhibited markedly enhanced sensitivity to insulin-stimulated DNA synthesis with normal insulin-stimulated glucose uptake (Takata, Y., Webster, N. J. G., and Olefsky, J. M. (1991) J. Biol. Chem. 266, 9135-9139). In this paper, we present further evidence for the divergence of the metabolic and mitogenic signaling pathways utilized by the insulin receptor. The mutant receptor showed normal sensitivity and responsiveness for insulin-stimulated glucose incorporation into glycogen. The insulin sensitivity for phosphorylation of two substrates (pp180 and pp220) was the same in both Y/F2 cells and HIRc cells. Phosphotyrosine content, however, was greater in Y/F2 cells than in HIRc cells, especially in the basal state. Insulin stimulated S6 kinase activity 2-6-fold, with an ED50 of -10 nM in Rat 1 cells and 0.5 nM in HIRc cells. The sensitivity to insulin was enhanced in Y/F2 cells with an ED50 of 0.1 nM. These effects were insulin-specific, since insulin-like growth factor (IGF)-I-stimulated mitogenesis was normal. In summary: 1) Y/F2 receptors exhibit normal metabolic and enhanced mitogenic signaling; 2) the enhanced mitogenic signaling is specific for the insulin receptor in the Y/F2 cells, since IGF-I-stimulated mitogenesis is normal; 3) Y/F2 cells display increased endogenous substrate phosphorylation and augmented insulin-stimulated S6 kinase activity placing these responses among insulin's mitogenic effects; and 4) these results are consistent with the concept that the COOH-terminal tyrosine residues of the insulin receptor are normally inhibitory to mitogenic signaling.